Abstract. This study was conducted to determine uterine echogenicity by grey-scale analysis (GSA) and transcutaneous ultrasonography in pregnant sows (P-sows; n=16) and gilts (P-gilts; n=13) vs. cyclic gilts (C-gilts; n=9) between days 8 and 16 post ovulation (po) with the aims of testing for feasibility of uterine GSA and of gathering reference data. Estruses and ovulations were hormonally synchronized and the animals artificially inseminated. Ovulation was monitored by ultrasound. The equipment used was a HS 2000 ultrasound unit and a 5 MHz linear probe. Unit settings were standardized for all GSA scanning sessions and the animals crated during scanning. For GSA, cross-sections of the uterine horns were imaged, entirely defined as regions of interest, and pixel analyses done. A total of 342 scanning sessions were performed, 341 GSA accomplished, and 1-13 cross-sections analyzed per session. Comparison of coefficients of variation suggests that analysis of two cross-sections per session is sufficient for a reliable GSA per animal. P-sows and P-gilts were similar in their echogenicity course, but differed from C-gilts. Most noticeable, echogenicity declined in pregnant animals on day 12 po, while it increased in cyclic gilts. In conclusion, the study demonstrates that GSA using transcutaneous ultrasound is a feasible procedure for the determination of uterine echogenicity in the pig, and that pregnant and cyclic pigs differ in the uterine echogenicity, particularly during the time when maternal recognition of pregnancy occurs. Key words: Female pig, Grey-scale analysis, Pregnancy, Ultrasonography, Uterus (J. Reprod. Dev. 56: [444][445][446][447][448] 2010) chogenicity is a valuable parameter in order to define the appearance of a tissue or organ by using B-mode ultrasound. Echogenicity is either described based on a score system, and is rather subjective depending on the assessment of the operator. Alternatively, grey-scale analysis (GSA) is used, which is based on computer-supported pixel quantification and is thus a more objective procedure. In large animal species, GSA has mostly been used to define echogenicity patterns of reproductive tissues such as of testes and accessory glands in growing bulls and rams [1, 2] , as well as of ovarian structures in mares [3] , cows and heifers [4, 5] , and ewes [6, 7] . Also, GSA has been employed for studying endometrial echogenicity in pregnant vs. non-pregnant cows [8] [9] [10] and the European roe deer [11] , and has been advocated as an appropriate procedure for the delineation of uterine diseases in mares [12] . B-mode ultrasound is widely used in pigs too, and is predominantly dedicated to examine genital organs which include the ovaries as well as the pregnant and non-pregnant uterus [13] . While differences in echotexture patterns have been described for the porcine uterus depending on the stage of estrous cycle as well as for the healthy vs. diseased uterus, uterine echogenicity using GSA has never been studied except once in a very preliminarily study on a subset of cyclic and pregnant gilts [13] . Therefore, the current study was conducted to test the feasibility of GSA for uterine echogenicity determination based on the example of cyclic vs. pregnant pigs. It was further aimed to gather reference data on the course of the uterine echogenicity with special focus on a specific time window, i.e. days 8 to 16 post ovulation.
(J. Reprod. Dev. 56: [444] [445] [446] [447] [448] 2010) chogenicity is a valuable parameter in order to define the appearance of a tissue or organ by using B-mode ultrasound. Echogenicity is either described based on a score system, and is rather subjective depending on the assessment of the operator. Alternatively, grey-scale analysis (GSA) is used, which is based on computer-supported pixel quantification and is thus a more objective procedure. In large animal species, GSA has mostly been used to define echogenicity patterns of reproductive tissues such as of testes and accessory glands in growing bulls and rams [1, 2] , as well as of ovarian structures in mares [3] , cows and heifers [4, 5] , and ewes [6, 7] . Also, GSA has been employed for studying endometrial echogenicity in pregnant vs. non-pregnant cows [8] [9] [10] and the European roe deer [11] , and has been advocated as an appropriate procedure for the delineation of uterine diseases in mares [12] . B-mode ultrasound is widely used in pigs too, and is predominantly dedicated to examine genital organs which include the ovaries as well as the pregnant and non-pregnant uterus [13] . While differences in echotexture patterns have been described for the porcine uterus depending on the stage of estrous cycle as well as for the healthy vs. diseased uterus, uterine echogenicity using GSA has never been studied except once in a very preliminarily study on a subset of cyclic and pregnant gilts [13] . Therefore, the current study was conducted to test the feasibility of GSA for uterine echogenicity determination based on the example of cyclic vs. pregnant pigs. It was further aimed to gather reference data on the course of the uterine echogenicity with special focus on a specific time window, i.e. days 8 to 16 post ovulation.
Materials and Methods

Farms, animals and reproductive management
The investigation was performed in two commercial swine breeding farms using 13 pregnant (P-gilts) and nine cyclic gilts (Cgilts) and 16 pregnant sows (P-sows). The 13 P-gilts were replacement gilts. The nine C-gilts were also raised as replacements but then condemned and selected for culling for non-reproductive reasons. All P-sows were weaned sows in production (parity 2-10). Animals were either pure Large White or a German Land Race x Large White breed. They were all kept in crates with partially slatted floors, fed a commercially available diet and had ad libitum access to water.
All gilts were hormonally synchronized for estrus and ovulation as described recently [14, 15] . Briefly, gilts were given 20 mg Altrenogest (5 ml Regumate ® ; Janssen Animal Health, Neuss, Germany) orally for 15 days, following by the intramuscular (im) administration of 1,000 IE eCG (Pregmagon ® ; IDT Biologica, Dessau-Rosslau, Germany) 24-28 h after withdrawal of Altrenogest, and the i.m. injection of 500 IE hCG (Ovogest ® 1500; Intervet Deutschland GmbH, Unterschleißheim, Germany) 77-78 h after eCG. All 13 P-gilts were artificially inseminated (AI) twice. The first AI occurred 24-25 h after hCG and the second AI 12-17 h thereafter. The nine C-gilts were not inseminated and allowed to continue spontaneous cycling. P-sows were weaned 19-22 days after parturition. Each P-sow received 1,000 IE eCG (Pregmagon ® ) 24 h after weaning, was checked for estrus twice a day using a mature teaser boar, and were inseminated twice. The first AI was performed 12 h after standing heat was initially detected and the second AI 12-16 h later. All inseminated animals had their pregnancy proven using transcutaneous ultrasonography on day 21 post ovulation [16] . The nine non-inseminated C-gilts were checked for returns to service once a day using a boar, starting on day 18 after the last insemination, and all of them observed returning within the normal range for regular service returns, i.e. days 18-24 after service [17] . C-gilts were additionally scanned on day 21 post ovulation to confirm non-pregnancy.
Ultrasonographical control of ovulation
All animals were scanned to check for ovulation following an approved procedure as described recently [13, 14] . Scanning was done transcutaneously using the ultrasound unit HS 2000 (Honda Electronics, Tokyo, Japan), a multi frequency linear transducer for rectal use (model HLV-475M; 5.0/7.5/10.0 MHz/ 50 mm) at a frequency of 5 MHz. This frequency was chosen because it is the most common and appropriate frequency to be used in swine reproduction [13] . Scanning was always performed by the same investigator and occurred coincident with first and second artificial insemination. During scanning, pre-ovulatory follicles (FOL) and corpora haemorrhagica (CH) were recorded. Determination of the ovulation time occurred in close accordance to a recently published score system, as follows [14] : FOL and CH present at first or at second AI=animals were just ovulating, respectively; FOL present at first and CH at second AI=ovulation had occurred between first and second AI. All animals included in this study had their ovulation time unambiguously determined.
Ultrasonographical grey-scale analysis of the uterus
Each animal had its uterus scanned once daily between days 8 and 16 post ovulation to determine uterine echogenicity. Scanning started around 0800 h and was usually done not later than 1200 h. Animals were never restrained upon scanning and remained in their crates. For determination of uterine echogenicity, a grey-scale analysis (GSA) was performed using transcutaneous scanning with the same equipment as used for checking for ovulation. Equipment settings were standardized for all measurements, i.e. settings were never changed in any of the animals and scanning sessions (Table  1) . For GSA, the uterine horns were imaged in circular cross-sections and in a standardized focus zone. A region of interest (ROI) covering the entire cross-section of the uterine horns (i.e. including all layers of a uterine horn) was then defined (Fig. 1A-D ) and the grey value determined using a software package that was integral to the ultrasound unit. The unit was able to capture 256 grey values. These values were then averaged for each ROI and given by the unit as the mean GSA value for an ROI on a scale ranging between 0-31. In order to minimize measurement biases, it was always attempted to measure at least two cross-sections per scanning session per animal. However, the maximum number of measurements per session was based upon the investigator's decision and not defined. It was also attempted to measure cross-sections with the least amount of overlapping possible, to ensure that different regions of the uterine horns were analyzed, for instance, by measuring two non-adjacent cross-sections within the defined focus zone using the same image.
Statistical analysis
Statistical analysis was performed in SPSS (version 15; SPSS, Chicago, IL, USA) and by means of the BMPD/dynamic statistic program package [18] . The effect of the number of measured cross-sections per scanning session was analysed by comparing the coefficients of variation (CV) as the percentile error for the grey values estimated per scanning session by one-factor ANOVA and a post-hoc Bonferoni test. Comparison of grey values of P-gilts, Psows and C-gilts was performed using two-way ANOVA with repeated measures on the factor 'day of observation'. Generally, a significance level of α=0.05 was used. 
Results
A scanning session took between 20 and 45 min. A total of 342 scanning sessions were performed; GSA was accomplished in 341 (99.8 %) cases. In 30 (8.8 %) sessions, only one cross-section could be analyzed (relating to seven sows and two gilts), while it was 2-13 cross-sections in all other sessions (Table 2) . Comparison of the coefficients of variation (CV) of the grey values between and among groups for scanning sessions with 6-9 analyzed crosssections revealed only small differences (Table 2 ; not compared for sessions with <6 and >9 cross-sections due to insufficient data). Moreover, when the CV were compared in total (i.e. for all animals together), there were no significant differences, regardless of whether 2-10 cross-sections were analyzed per scanning session (Table 2 ; not compared for sessions with >10 cross-sections due to insufficient data).
Grey values obtained on days 8-16 post ovulation were different between groups (P=0.01) and days (P<0.01; Fig. 2 ). Cyclic gilts always had higher mean grey values than P-sows and P-gilts, except on day 16 post ovulation. P-sows and P-gilts did, however, differ only on day 12 when the grey value was lower in P-sows than in P-gilts. Mean grey values changed over time in all three groups, however, in a different manner. In detail, values increased in Psows and P-gilts up to day 11, and then immediately decreased on day 12 in P-sows and, more slowly, up to day 13 in P-gilts, and then started to increase in both P-sows and P-gilts toward day 16. In contrast, grey values increased in C-gilts up to day 13, and then started to decrease toward day 16.
Discussion
Without doubt, pigs are not as easy as other species to scan for their genital organs, such as cows and mares, where GSA has been shown as being feasible for the determination of uterine echogenicity [8] [9] [10] , because pigs tend to move constantly, even if confined in crates. Nevertheless, this study clearly demonstrates that GSA can be done in pigs by transcutaneous scanning in order to determine uterine echogenicity. Transcutaneous scanning has been proven appropriate for pregnancy testing [16, 19] , ovary assessment [20] , as well as the examination of the non-gravid uterus for puberty detection [21] or delineation of reasons for infertility [22] . Moreover, multiple measurements using freeze images and welldefined structures similar to what was necessary for GSA in this study has been proven possible in other studies where uterine crosssections of sows and gilts were measured for size [21, 22] . Finally, the results of this study indicate that only two cross-sections are required to obtain a reliable grey value for the uterus of an individ- Once the cross-section was imaged in the defined focus zone and the ROI defined, GSA was performed. The equipment was able to capture 256 grey values; however, the mean grey value for a ROI was given on a scale between 0-31 as calculated by means of a software that was part of the ultrasound unit. Images A and B are from a pregnant gilt on day 13 post ovulation (mean grey value 8.6). Images C and D are from a non-pregnant gilt in day 11 post ovulation (mean grey value 10.2). Scale bars on the left and top margin in 0.5 cm. n.a.: not applicable; means that the CV is not determined when only one cross-section was analyzed per session or when only ≤2 animals were in the same cross-section category.
Values with different superscripts differ in rows (A, B) and columns (a, b) with P<0.05. 1 Not included into statistical comparison in columns. CV among P-sows, P-gilts and in total, respectively, do not differ (P>0.05).
ual pig, which is an observation that has also been made previously for uterus size measurement in gilts [21] . However, from studies in humans it is known that dermal echogenicity patterns changes with age [23] , and the amount of subcutaneous fat as well as the skin can have an effect on echogenicity patterns of parenchymatous organs due to different ultrasound attenuation as shown for the pancreas [24] . Since animals scanned in this study differed by age (i.e. sows vs. gilts) and maybe also by the amount of fat, this could have had an effect on the uterine echogenicity patterns too. However, tissues differ in their attenuation properties, with fat having a relatively low attenuation coefficient. Moreover, the higher the frequency is the higher is the attenuation by tissues forming the body wall, ultimately influencing the ultrasound properties including echogenicity of tissues or organs further downstream. Since in this study, a relatively low ultrasound frequency of 5 MHz was used, the attenuating effect of the body wall at the inguinal area where the transducer was placed is assumed to be low and thus negligible.
Pregnant and cyclic animals did differ in their uterine grey values, which was most noticeable starting day 12 post ovulation, where echogenicity declined in pregnant but continued to increase in cyclic animals. This is in complete agreement with what has been observed in a preliminarily study [13] . Since the phenomenon of echogenicity decline was basically the same in both pregnant sows and gilts of either Large White or German Land Race x Large White breed, the results suggest that it is neither age related nor genetically derived, rather then, truly associated with pregnancy. A pregnancy associated decline in uterine echogenicity has also been observed in cows between days 7 and 13 after ovulation [8] , which was not present in cyclic cows [9, 10] , and in the pregnant European roe deer [11] .
Seeking for mechanisms that may explain the decline in uterine echogenicity observed in pregnant pigs it must be something that i) does not happen in cyclic pigs, ii) acts only transiently and iii) causes a sudden increase in the uterine liquid content on day 12 of pregnancy. This ultimately leads to factors secreted by the embryo, with estrogens being the primary candidate. It is around day 11-12 when elongated pig embryos started to secrete estrogens which are considered to be the major signal for maternal recognition of pregnancy [25] [26] [27] . Intrauterine content of estrogens is high on days 11-12 of pregnancy, declines on days 13-14 and increases again after day 14 [25] . Almost correspondingly, endometrial total estrogen receptor number is high on day 12, markedly reduced on day 15, and increases again by day 18 [25] . As observed in this study, the uterine echogenicity of pregnant animals almost exactly follows the aforementioned patterns in a reciprocal manner, i.e. declined when estrogens were high and receptors present and vice versa, suggesting that there is a relationship. Also, it is around day 12 of pregnancy when uterine blood flow starts to increase in pigs as the result of relaxation of uterine vessels due, at least in part, to the action of estrogens [25, 27, 28] which leads to increased uterine fluid component and decrease of echogenicity. However, this cannot be the only explanation, since the uterine blood supply increases further after day 12 of pregnancy [29] , but the uterine echogenicity started to increase slowly. Another phenomenon that is indeed transient and may have additionally contributed to the initial decline in the uterine echogenicity on day 12 of pregnancy is the sudden release of secretory vesicles from endometrial glands derived by embryonic signals [30] . Interestingly, a similar observation has been made for cows where secretory vesicles are high in number on day 7, but not on day 14 of pregnancy [31] , which almost exactly matches the time window when endometrial echogenicity is low [8] . Finally, estrogens cause endometrial edemation in cyclic animals but only during pro-estrus and estrus when in high concentrations, and not during diestrus when estrogens are absent [32] . Edemation ultimately leads to a lower echogenicity. An endometrial edema has been also observed in pregnant pigs around the time of maternal recognition of pregnancy which is due to an increase in endometrial vascular permeability [25] and subsequent extravasation of vascular fluid as the result of an increased fenestration of subepithelial capillaries [33] . Taken together it might be that the initial drop in uterine echogenicity on day 12 of pregnancy is mainly caused by effects mediated by embryonic estrogens, and that those effects are attenuated when embryonicderived estrogen concentrations and the number of uterine estrogen receptors are low which then results in an increase of echogenicity.
By using B-mode ultrasound and GSA, this study provides further evidence for the importance of the time around day 12 for pregnancy in pigs [25] [26] [27] 34] . Given that the echogenicity patterns observed are unique to the pregnant uterus, this may serve as an early sign for pregnancy, and is then clinically assessable. Its implementation as a routine, such as for early pregnancy diagnosis is doubted due to high labor and equipment requirements, and the fact that grey values obtained in this study cannot be simply extrapolated to other equipment. It might have, however, value for studying embryonic mortality, either for scientific or on-farm trou- Values obtained for C-gilts were always higher than those of P-sows and P-gilts except for day 16 po. Values obtained for P-gilts and P-sows did not differ except for day 12 po where the value was slightly lower in P-sows (P<0.05).
bleshooting purposes.
In conclusion, this study has demonstrated that the determination of uterine echogenicity by GSA and transcutaneous scanning is a feasible procedure in crated sows and gilts. The study revealed differences in the uterine echogenicity patterns in cyclic vs. pregnant pigs between days 8 and 16 post ovulation, with a decline on day 12 that might be unique to pregnant animals and associated with maternal recognition of pregnancy.
